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Abstract  

Twenty-five bread wheat genotypes were tested under eight environments (2 growing seasons×4 

water stresses) to study stability and adaptability for physiological and agronomic traits. Analysis of 

variance showed highly significant variations among all tested genotypes for all studied traits; 

chlorophyll content, canopy temperature, specific leaf area, spike length, no. of spike/plant, 1000-

kernel weight and grain yield. The results indicated  that Line 9 (13.21 ardab/feddan) beside Sids 1 

(13.19 ardab/feddan) and Misr 2 (11.91 ardab/feddan) cultivars were observed as most stable and 

widely adapted across environments, surprised mean performance for grain yield than grand mean, 

regression coefficient (bi
Eberhart and bi

Freeman) equal or near to one, Bi
Perkins equal or near to zero and 

mean square deviation from regression (S2di
Eberhart and S2di

Freeman) non-significant from zero, 

according to previous models. Moreover, Line 9 showed also stability for number of spikes/plant, 

1000 kernel weight and chlorophyll concentration under various environments; it was considered to 

be superior for grain yield across different environments. Meanwhile, the highest yielding genotype 

(Line 20) showed stability only under favorable conditions (surpassed the grand mean by 15.58 

ardab/feddan, bi
E and bi

F> 1, Bi> 0 and S2di
E and S2di

F non-significant), it could be promoted to 

breeding program with a stable genotype (Line 9) over different environments to obtain a stable 

variety across environments with a high yield. 

Keywords: Stability models; Performance; Environments; Triticum aestivum. 

 

Introduction 

 

Wheat (Triticum aestivum L.) is important 

most strategic crop in in the world as well as 

Egypt.It is a daily source of carbohydrates of 

the majority of Egyptian citizen. Wheat area 

harvested in Egypt was 1.3 million ha 

produced 8.80 million metric tons with an 

average of 6689.5 kg/ha (FAO STAT, 2018) 

while, wheat consumption in 2017-2018 

estimate of 19.8 million tones (USDA STAT, 

2018). There is a big difference between 

production and consumption of Egyptian 

wheat. To reduce the gap between production 

and consumption, we need to expand growing 

wheat in new environments due to the limited 

area of the agriculture land, but these new 

environments suffer from some abiotic 

stresses, such as heat, drought stress and 

salinity. 

Drought or water deficit is one of the 

environmental stresses that severely influence 

the wheat growth, development, and 

production (Werteker et al., 2010; Ongom et 

al., 2016). The response of wheat plants to 

water deficit stress is a function of genotypes, 

intensity and duration of stress, weather 

conditions and stages of crop growth and 

development. It should be noted that stress 
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occurrence time is more important than 

drought stress intensity. Grain yield stability is 

one of the most important goals of breeding 

programs, especially in subtropical 

environments. Some physiological traits have 

the potential to improve crop performance 

under abiotic stress (Chaves et al. 2003; 

Condonet al. 2004; Richards 2006).Better 

understanding of the genetic basis of 

physiological trait variability will improve 

the efficiency of wheat for drought tolerance. 

The features of stable genotype are complex 

due to genotype x environment interactions 

(GEI) (Alwala 2010; Moghaddam et al. 2013). 

Hence a study of GEI can lead to successful 

evaluation of wheat cultivars for stability in 

yield performance under various 

environmental conditions. Almost all breeders 

have used the term ‘‘stability’’ to characterize 

a genotype which ever showed a constant yield 

across environments (Dehghani et al. 2008; 

Changizi et al. 2014).Several statistical 

methods can be used as important measures of 

crop yield stability, the most widely used is the 

joint linear regression analysis as proposed by 

(Eberhart and Russell, 1966; Perkins and Jink, 

1968; Freeman and Perkins, 1971).The 

selection of stable genotypes, based on 

stability parameters, caused high yield 

genotypes to be introduced as stable 

genotypes. The aims of thisstudy were to 

estimate stability parameters of the 25 bread 

wheat genotypes under 8 environments (two 

year and four water irrigation treatments) to 

identify genotypes with high yield stability. 

Materials and Methods 

Twenty five bread wheat (Triticum aestivum 

L.) genotypes from diverse origin including 5 

local varieties and 20 inbred lines (F8) were 

used in this study (Table 1). Twofield 

experiments were conducted at the 

experimental farm of Faculty of Agriculture, 

Sohag University, Sohag, Egypt. The field 

experiments were created in eight different 

environments, 2 years (2017/2018 and 

2018/2019 growing seasons) and four water 

irrigation treatments; normal irrigation (10 

irrigation frequencies), skipping two irrigation 

at the tillering stage, skipping two irrigation at 

the booting stage and skipping two irrigation at 

the milk-ripe stage.  

The experimental design was a randomized 

complete block with a split-plot arrangement 

of treatments, with three replications. The 

irrigation treatments were allocated to the main 

plots and the 25 genotypes were randomly 

distributed to the sub plots. Each genotype was 

sown in two rows 3.0 m long and 30 cm 

between rows and 10 cm within rows (sub plot 

size = 2 × 0.30 × 3.0 = 1.8 m2). The 

experimental field soil was sandy clay in 

texture. All recommended cultural practices 

were applied. 

Data were recorded on specific leaf area (leaf 

area in cm2 produced g−1 leaf dry weight 

plant−1), chlorophyll concentration (mg cm-2) 

was determined as chlorophyll index using 

Chlorophyll Meter (SPAD-502), canopy 

temperature (°C) using infrared thermometer 

(assessment of all physiological traits were 

performed after anthesis stage on flag leaf area 

in plants), no. of spikes/plant, spike length 

(cm), 1000-kernel weight (gm) and grain yield 

(ard./fed.): It was determined from the whole 

grain yield of each sub plot in terms of kg/plot 

and converted to ardab (ardab = 150 kg) per 

feddan (feddan= 0.42 hectare). 

 The combined analysis of the variance was 

performed according to Gomez and Gomez 

(1994). Means were compared by Revised 

Least Significant Difference (R. LSD) at 5% 

level of significant (Steel &Torrie, 1981). A 

correlation among stability parameters was 

performed by using simple correlation (Fisher 

& Yates, 1953). The stability analysis was 

computed as obtained by Eberhart and Russell 
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model (1966), Perkins and Jinks model (1968) 

and Freeman and Perkins model (1971). 

 

 

Table 1. Pedigree description of 25 bread wheat genotypes evaluated in eight environments during 

2017/2018 and 2018/2019 growing season. 

Genotype  Pedigree 

Line 1 to 10 Derived from a cross between Sids 4 x Tokwie; 

Sids 4: High yielding local variety, while Tokwie: Drought tolerant variety 

introduced from South Africa. 

Line 11 to 20 Derived from a cross between Sids 4 x Kasyon/glennson-81; 

Kasyon/glennson-81: Drought tolerant variety Introduced from ICARDA. 

Shandweel 1 Site / Mo /4/ Nac / Th.Ac // 3* Pvn /3/ Mirlo / Buc CMSS93B00567S-72Y-

010M-010Y-010M-3Y-0M-0THY- 0SH. 

Sids 1 HD2172/Pavon"s"//1158.57/Maya74"s" 

Sids 12 BUC//7C/ALD/5/MAYA74/ON//1160.147/3/BB/GLL/4/C 

HAT"S"/6/MAYA/VUL//CMH74A.630/4*SXSD7096-4SD-1SD-1SD-0SD. 

Giza 168 MIL/BUC//Seri CM93046-8M-0Y-0M-2Y-0B. 

Misr 2 SKAUZ/BAV92.CMSS96M03611S-1M-010SY-010M-010SY-8M-0Y-0EGY. 

Results and discussion 

1- Analysis of variance: 

Combined analysis of variance of the studied 

traits (Table 2) revealed that all the variations 

in the total sum of squares were attributed to 

the various environmental factors (Y and D) 

and their interactions which always were 

statistically highly significant with the 

exception of year effect of chlorophyll content 

and Y×D interaction of specific leaf area, spike 

length, no. of spikes/plant and grain yield. The 

analyzed data also showed that there were 

highly significant differences among 

genotypes for all the studied plant characters 

across environments. Obviously, all degrees of 

G×E interactions were significant with 

exception of Y×G of 1000-kernel weight and 

Y×D×G of chlorophyll content and 1000-

kernel weight (Table 2). The genetic diversity 

and the significant G×E interactions exhibited 

both sensitivity of genotypes and differential 

responses of these genotypes to variable 

environments, suggesting the importance of 

stability parameters assessment of these 

genotypes under these conditions to identify 

the best stable suitable genotypes under this 

range of environments. Similar results were 

obtained by (EI-Morshidy et al., 2000; 

Kheiralla et al., 2004; Bose et. al., 2014; 

Mohamed and Said 2014 and Ibrahim and Said 

2020).   

2- Mean performance and stability models:  

Mean performance and the estimates of 

stability parameters using three models viz., 

Eberhart and Russell's, Perkins and Jinks' and 

Freeman and Perkins' obtained for agronomic 

and physiological data are presented in Tables 

(4, 5, 6 and 7). 

3- Number of spikes/plant: 

The mean number of spikes/plant ranged from 

4.94 (Line 19) to 7.46 spikes/plant (Line 7), the 

differences being significant with an average 

of 6.23 spikes/plant (Table 4). According to 

Eberhart and Russell's and Perkins and Jinks’ 

models (Table 4 and Fig. 1), the genotypes 

Line 9, Shandweel 1 and Misr 2 were stable in 

varied environmental conditions (highest 

number of spikes/plant compared with grand 

mean overall genotypes,  
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Table 2: Mean squares of the combined analysis of variance for all studied traits. 

 

S.o.v 

 

df 

Mean Squares 

Chlorophyll 

content 

Canopy 

temp. 

Specific 

leaf area 

Spike 

length 

No. of 

spike 

/plant 

1000-

kernel 

weight 

Grain yield  

Years (Y) 1 9.79 298.77** 2476.71** 0.144** 1.10** 80.73** 3391.72** 

Error a 2 5.25 5.89 2039.7 0.018 0.281 9.93 57.96 

Drought (D) 3 883.03** 952.08** 167097.7** 158.63** 121.71** 611.3** 145351.3** 

Y x D 3 24.82** 534.3** 887.11 0.059 0.03 24.51** 37.1 

Error b 12 2.01 2.96 1148.39 0.064 0.122 7.77 120.42 

Genotypes (G) 24 233.19** 565.73** 2664.29** 21.8** 9.85** 6.6** 6640.74** 

Y x G 24 0.738** 550.6** 1605.88** 0.127** 0.15** 1.45 340.02** 

D x G 72 28.2** 540.71** 2949.96** 1.73** 1.164** 3.73* 1738.81** 

Y x D x G 72 0.968 515.15** 1246.68** 0.083* 0.133** 1.41 154.23** 

Pooled error 348 3.42 6.70 205.14 0.056 0.065 2.53 42.4 

* ,**Significant at 5  and 1% levels of probability, respectively. 

 

regression coefficient (bi
E) equal or near to 

unity, Bi equal or near to zero and deviations 

from regression coefficient (S2diE) closed zero 

or non-significant). Mohamed and Said, 2014 

showed that eight wheat genotypes were 

acceptable production statistics of both 

responses and stability for the number of 

spikes/plant (high average comparing to the 

grand mean, and insignificant bi and S2di). 

Similar results were reported by EI-Morshidy 

et al. (2000), Kheiralla et al. (2004) and 

Ibrahim and said (2020). While lines 1, 5, 8, 13 

and 19 were stable (biE equal or near unity, Bi 

equal or near zero and S2diE non-significant) 

but had low number of spikes/plant. On the 

other hand, according to Freeman and Perkins’ 

model genotypes Line 4, Line 9, Line 17, 

Shandweel 1 and Misr 2 exhibited highest 

number of spikes/plant across various 

environments, biF equal or near unity and S2diF 

non-significant. While, Lines 5, 6, 8, 13 and 19 

were stable but gave lower than overall mean 

number of spikes/plant. The results in this 

study are generally in harmony with (Saha, 

1999 and Islam et al., 2006). 

4- Spike length: 

In table 4, the mean spike length was ranged 

from 6.40 cm for Line 12 to 9.90 cm for Line 

20 across environments with an average 7.87 

cm. Considering high mean performance than 

grand mean with stability parameters (bi
E and 

bi
F equal or near to one, Bi equal or near to zero 

and S2di
Eand S2di

Fnon-significant), four 

genotypes namely Line 1, Line 3, Line 15 and 

Shandweel 1 (Table -3 and Fig. 2) were found 

desirable and exhibited stable performance 

across environments for spike length. 

Meanwhile, fife genotypes namely Lines 5, 17, 

18 and Misr 2 were stable in varied 

environmental conditions but had low spike 

length when compared with grand mean. Khan 

et al., 2017 showed that the genotypes CT-

09141, SRN-09048 and SRN-09063 are highly 

stable for spike length under different 

environments, on the bases of bi values (bi =1) 

and 𝑺𝟐𝒅𝒊values nearly equal to zero (𝑺𝟐𝒅𝒊= 0). 

5- 1000 kernel weight: 

The average of overall tested genotypes for 
1000 kernel weight (Table 4) ranged from 
31.63 gm for Line 5 to 39.90 gm for Line 9 
with an average 37.54 gm.  Nine genotypes  
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Table 3: Estimates of stability parameters based on eight environments using various models for  

number of spikes/plant and spike length in wheat. 

Mean = grain mean yield (ardab/feddan);bi
E = regression coefficient of Eberhart and Russell;βi = regression coefficient 

of Perkins and Jinks; bi
F= regression coefficient of Freeman and Perkins; S2di (E) = deviation from regression Eberhart 

and Russell; S2di (F) = residual MS of Freeman and Perkins model.*, ** Significant at the 0.05 and 0.01 probability 

levels, respectively. 

Spike length (cm) Number of spikes/plant Traits 

S2di 

(F) 

S2di 

(E) 

bi
F βi bi

E Mean S2di  

(F) 

S2di  

(E) 

bi
F βi bi

E Mean Genotypes 

0.65 0.01 1.00 -0.11 1.11 9.86 0.24 0.04 0.79 0.18 0.82 6.03 Line 1 

1.90** 0.47** 1.00 -0.06 1.06 8.25 1.54 0.20** 0.84 0.15 0.85 5.50 Line 2 

0.63 0.09 1.16 -0.17 1.17 8.08 2.02 0.35** 0.77 0.20 0.80 5.30 Line 3 

0.73 0.10 1.20 -0.30 1.30 8.10 2.66 0.48** 1.15 -0.08 1.08 6.79 Line 4 

1.65 0.27 0.92 -0.03 1.03 6.63 0.88 0.05 0.87 0.10 0.90 5.85 Line 5 

1.11 0.18 0.78 0.23 0.77 7.50 2.53 0.00 1.18 -0.25 1.25** 5.58 Line 6 

0.61 - 0.04 0.38** 0.58 0.42 7.09 0.04 0.10 0.67** 0.32 0.68** 7.46 Line 7 

2.05** 0.34* 1.08 -0.19 1.19 7.77 2.07 0.01 1.10 -0.06 1.06 5.78 Line 8 

0.59 0.07 0.81 0.16 0.84 6.50 2.15 0.09 1.12 -0.05 1.05 6.30 Line 9 

0.66 0.13 1.35 -0.43 1.43 9.66 6.26** 0.56** 1.36 -0.49 1.49* 6.83 Line 10 

0.67 0.11 0.64 0.32 0.68 8.14 0.25 -0.01 0.77 0.27 0.73** 6.85 Line 11 

-0.27 -0.04 0.43** 0.52 0.48 6.40 1.02 0.31 0.59 0.31 0.69 6.63 Line 12 

7.35** 1.68** 1.58 -0.59 1.59 7.53 0.85 0.01 0.86 0.05 0.95 5.57 Line 13 

1.32** 0.32* 1.41 -0.38 1.38 9.68 4.40* 0.03 1.43 -0.46 1.46** 5.42 Line 14 

0.33 0.00 1.13 -0.18 1.18 8.15 11.29** 0.00 1.93 -1.29 1.97** 6.99 Line 15 

3.26** 0.73** 1.16 -0.16 1.16 7.82 5.95* 0.36** 1.51 -0.57 1.57** 6.67 Line 16 

0.66 0.09 1.01 -0.08 1.08 7.02 1.16 0.17** 0.85 0.11 0.89 7.29 Line 17 

0.73 0.13 0.98 -0.05 1.05 7.36 -0.26 0.17** 0.43** 0.58 0.42** 5.58 Line 18 

0.64 0.09 0.56** 0.41 0.59 6.45 0.58 0.05 0.84 0.09 0.91 4.94 Line 19 

1.28 0.26 1.31 -0.32 1.32 9.90 -0.46 0.02 0.51* 0.42 0.58** 6.09 Line 20 

0.24 0.00 0.97 0.01 0.99 8.26 2.11 0.04 1.11 -0.13 1.13 6.70 Shandweel 1 

0.29 -0.02 0.56** 0.41 0.59 7.41 0.11 0.08 0.65** 0.33 0.67** 5.98 Sids 1 

0.45 0.03 0.81 0.18 0.82 8.79 0.82 0.15** 0.79 0.20 0.80 7.34 Sids 12 

0.61 0.22 0.42 0.22 0.78 7.54 1.67 -0.20** 0.53 -0.07 1.07 5.52 Giza 168 

0.93 0.14 0.88 0.09 0.91 6.81 1.28 -0.01 1.00 -0.05 1.05 6.75 Misr 2 

     7.87      6.23 Mean 

     0.146      0.157 RLSD 5% 
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Table 4: Estimates of stability parameters based on eight environments using various models for1000-kernel weight and Specific leaf area in wheat. 

regression coefficient of = F
ibregression coefficient of Perkins and Jinks; = i β= regression coefficient of Eberhart and Russell;  EbiMean = grain mean yield (ardab/feddan);

residual MS of Freeman and Perkins model.*, ** Significant at the 0.05 and 0.01 =  (F) id2Sdeviation from regression Eberhart and Russell; =  (E) id2SFreeman and Perkins; 

probability levels, respectively. 

 
 

)1-Specific leaf area (cm g 1000-kernel weight (g) Traits 

(F) id2S (E) id2S F
ib iβ E

ib Mean (F) id2S (E) id2S F
ib iβ E

ib Mean Genotypes 

8674.86** 890.87** 1.02 -0.50 1.08 239.73 21.09** 11.38** 0.72 0.59 0.41 37.63 Line 1 

6681.47** 430.90** 1.07 -0.58 1.18 221.79 3.24 -0.54 1.03 0.00 1.00 37.58 Line 2 

4425.98** 252.07 0.98 -0.48 1.17 222.25 5.38** 0.33 1.25 -0.17 1.17 39.84 Line 3 

6532.99** 709.65** 1.13 -0.64 1.26 236.55 6.82* -0.36 0.94 0.04 0.96 34.13 Line 4 

10077.07** 403.92** 1.43 -0.60 1.59** 241.11 1.05** -0.39 1.25 -0.30 1.30 31.63 Line 5 

3464.35** 571.82** 0.84 -0.31 0.99 244.64 2.11** 0.00 1.51 -0.29 1.29 38.36 Line 6 

4406.39** 194.53 0.99 -0.16 1.18 230.26 3.26* 0.55 1.02 0.06 0.94 35.04 Line 7 

1990.98** 475.41* 0.13* -0.17 0.55* 215.48 1.99* -0.46 1.28 -0.10 1.10 38.56 Line 8 

9685.94** 4.83 1.51 -0.30 1.72 225.65 14.93** 1.62 1.08 0.06 0.94 39.90 Line 9 

5465.90** 297.06 1.00 -0.37 1.17 198.24 3.00 -0.67 0.82 0.04 0.96 37.91 Line 10 

9219.66** 447.36** 1.38 -0.10 1.47* 217.82 3.71* -0.86 1.17 -0.12 1.12 38.87 Line 11 

3438.68** 1041.38** 0.87 0.45 1.03 228.90 1.31 -0.10 1.02 -0.19 1.19 38.72 Line 12 

11186.45** 1747.20** 0.86 -0.04 0.90 222.08 1.83 -0.39 0.89 0.14 0.86 38.23 Line 13 

8963.20** 453.41** 1.27 0.07 1.19 247.24 3.16 1.31 0.80 0.16 0.84 38.23 Line 14 

8940.67** 244.54 1.38 -0.29 1.51** 242.96 2.19 -0.63 0.90 0.14 0.86 38.61 Line 15 

2994.01** 386.82* 0.52 0.41 0.70* 217.52 3.27 0.77 0.87 0.26 0.74 38.42 Line 16 

1913.50** 465.04** 0.23* 0.61 0.31** 230.45 14.73** 0.72 0.81 0.10 0.90 37.77 Line 17 

8040.62** 106.93 1.32 0.02 1.41* 227.88 4.61 1.53 0.92 0.29 0.71 34.44 Line 18 

1722.72** 293.33* 0.08** 0.08 0.19** 226.59 3.22* 1.57 1.05 -0.03 1.03 33.30 Line 19 

2143.00** 61.36 0.67 0.91 0.63 219.81 8.60** 1.28 1.22 -0.35 1.35 37.61 Line 20 

3438.897** 299.51 0.77 0.45 0.76 226.14 2.68 -0.67 1.11 -0.04 1.04 38.93 Shandweel 1 

2490.408** 561.86** 0.09* 0.48 0.20** 219.87 5.57** -0.30 1.02 -0.05 1.05 38.53 Sids 1 

3824.141** 222.93 0.84 0.44 0.84 221.01 2.48** -0.46 1.24 -0.20 1.20 39.29 Sids 12 

5233.86** 728.56** 0.31 0.48 0.55 231.87 4.81 -5.33 0.54 -0.93 1.93 38.68 Giza 168 

11290.42** 151.65 1.58 0.51 1.58** 198.30 4.48** -0.42 1.30 -0.23 1.23 38.30 Misr 2 

     226.16      37.54 Mean 

     11.54      0.980 RLSD 5% 
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mean  and the) Freemanand bi Eberhart(biGraphical illustration of the stability parameters :Figure1

performance of individual genotypes for number of spikes/plant. 

 
Figure 2: Graphical illustration of the stability parameters (biEberhart and biFreeman) and the mean 

performance of individual genotypes for spike length. 
 
namely Lines 2, 8, 9, 10, 11, 15, 17 and 

Shandweel 1 and Sids 1 (Table 4 and Fig. 3) 

exhibited stable performance due to their 

higher mean value than population mean and 

bi
E equal or near to unity, Bi equal or near to 

zero and S2diE non-significant, reported by 

Eberhart and Russell's and Perkins and Jinks’ 

models. According to slopes of independent 

linear regression coefficient (Freeman and 

Perkins, 1971), six genotypes namely Lines 2, 

12, 13, 15, 16 and Shandweel 1 were stable 

over various environments because had biF 

equal or near to unity and S2diF non-significant 

with highest 1000 kernel weight when 
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compared with grand mean. Saha, 1999 and 

Islam et al., 2006 found in pea got similar 

results for stability of 100-seed weight in 

different genotypes using Eberhart & Russell’s 

and Perkins &Jinks models. But Freeman & 

Perkins model produced slightly different 

results. 

6- Chlorophyll concentration: 

The range of chlorophyll concentration varied 

from 33.23 mg cm-2 for Line 3 to 45.83 mg cm-

2 for Line 20 with an average 40.42 mg cm-2 

(Table 6). Five genotypes namely Lines 9,11, 

16, 17 and 18 were stable due to their bi
E, Bi 

and S2diE did not differ from a unit, zero and 

the zero, respectively plus significantly higher 

than mean over all genotypes (Table  4 and 

figure 4).Meanwhile, Lines 3, 8 and 10 were 

stable across various environments conditions 

but had mean lower than grand mean. 

According to Freeman and Perkins’ model 

Line 9was stable performance, bi
F equal or 

near to unity and S2diFnonsignificant with 

mean greater than overall mean chlorophyll 

concentration. While Line 11 also was stable, 

bi
F equal or near to unity and S2di

F non-

significant but with mean lesser than the grand 

mean. Sharma et al., 2019 found five wheat 

genotypes showed stable performance not only 

for grain yield but also for associated 

characters like chlorophyll content. 

7- Specific leaf area: 

The average of specific leaf area across various 

environments (Table 4) was 226.25 cm gm-

1with a range from 198.24 cm g-1 for Line 10 

to 247.24 for Line 14 cm gm-1. According to 

Eberhart and Russell's and Perkins and Jinks’ 

models (Table 4and Fig. 5), the genotypes 

Lines 3, 10 and Sids 12 exhibited stable 

performance because bi
E equal or near to unity, 

Bi equal or near to zero, S2di
E non-significant 

and surpassed the grand mean of specific leaf 

area. Moreover, Line 20 and Shandweel 1 were 

specifically adapted to stress environmental 

conditions, regression coefficient lesser than 

unity (b<1). While, Line 9 showed stability 

under favorable environment (surpassed the 

grand mean, bi
E> 1, Bi> 0 and S2di

E non-

significant). While, according to Freeman and 

Perkins’ model the genotypes namely Lines 2, 

3, 10, 13 and Sids 12 surprised the grand mean 

and bi
F equal or near to unity with significant 

deviations from regression coefficient (S2di
F).    

8- Canopy temperature: 

The average canopy temperature of the 

different genotypes across various 

environments ranged from 24.28 °C for Line 

17 to 29.50 °C for Line 15 with an average of 

26.25 °C (Table 5). According to Eberhart and 

Russell's and Perkins and Jinks’ models, five 

genotypes namely Lines 3, 4, 8, Sids 12 and 

Giza 168 had  colder  plant  canopy  than grand 

mean over all genotypes beside bi
E equal or 

near to unity, Bi equal or near to zero, S2di
E 

non-significant. While, according to Freeman 

and Perkins’ model the genotypes namely Line 

3, Line 4, Sids 1 and Sids 12 surprised the 

grand mean and bi
F equal or near to unity but 

S2di
F significant (Table 5and Fig. 6). Sharma et 

al., 2019 indicated that five wheat genotypes 

namely HD 2932, HI 1544, HD 2987 and Lok 

1 were stable performance for leaf canopy 

temperature (had regression coefficient around 

unity (bi=1), non-significant deviation from 

regression (S2di), with high mean value than 

population mean, indicated its suitability and 

stability of performance under varied 

environments.  

9- Grain yield (ardab/feddan): 

The mean difference in grain yield (over all 

genotypes) between drought stress and non-

stress are shown inTable6. Mean grain yield 

across varied environmental conditions ranged 

from 7.47 for Line 5 to 15.58for Line 20 with 

an average of 11.77 ardab/feddan. According 

to two models viz., Eberhart and Russell's and 

Perkins and Jinks' (Table 6 and 
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Table 5:.Estimates of stability parameters based on eight environments using various models for  

                   chlorophyll concentration and canopy temp. in wheat.    
 

regression coefficient = i β= regression coefficient of Eberhart and Russell;  E
ibMean = grain mean yield (ardab/feddan);

deviation from regression Eberhart =  (E) id2Sregression coefficient of Freeman and Perkins; = F
ibof Perkins and Jinks; 

residual MS of Freeman and Perkins model.*, ** Significant at the 0.05 and 0.01 probability =  (F) id2Sand Russell; 

levels, respectively. 

Canopy temperature (°C) Chlorophyll concentration (mg cm-2) Traits 

S2di 

(F) 

S2di 

(E) 

bi
F βi bi

E Mean S2di 

(F) 

S2di 

(E) 

bi
F βi bi

E Mean Genotypes 

9.54** 0.60 1.23 -0.41 1.41** 25.94 24.33 0.74 0.27 0.56 0.44** 36.58 Line 1 

16.95** 3.56 1.98** -0.92 1.92** 24.91 77.70** 0.36 0.14** 0.73 0.27** 37.79 Line 2 

22.45** 3.57 0.91 -0.11 1.11 24.86 17.89** 0.52 0.83* 0.04 0.96 33.23 Line 3 

17.54** 1.69 0.92 -0.14 1.14 24.86 14.40** 0.75 1.45 -0.40 1.40** 35.21 Line 4 

18.28** 6.02 1.62 -0.64 1.64** 25.07 9.89 1.03 0.16 0.75 0.25** 35.66 Line 5 

58.16** 13.72** 1.18 -0.44 1.44 24.90 24.60 0.19 0.57* 0.76 0.24** 35.43 Line 6 

28.06** 4.01 0.35 0.41 0.59* 27.02 21.08* 0.80 1.25 -0.39 1.39 35.69 Line 7 

18.26** 2.27 0.83 -0.03 1.03 26.24 2.77 -0.71 0.54 0.14 0.86 37.38 Line 8 

37.14** 6.98* 1.52 -0.77 1.77* 25.45 1.16 -1.04 0.98 -0.12 1.12 40.62 Line 9 

12.51** 1.26 1.38 -0.37 1.37** 25.35 19.99** 0.75 0.94 -0.11 1.11 36.91 Line 10 

10.96** -0.05 1.13 -0.13 1.13** 27.11 20.53 0.30 0.91 -0.01 1.01 42.23 Line 11 

4.23 -0.10 0.49* 0.65 0.35** 27.75 3.72** -0.08 1.42 -0.62 1.62** 42.10 Line 12 

11.80** 1.43 1.12 0.15 0.85 27.94 1.46 -0.22 0.76 0.20 0.80** 44.57 Line 13 

46.20** 8.01* 1.64 -0.36 1.36 28.13 9.54 0.48 0.59 0.37 0.63** 41.51 Line 14 

84.93** 16.93** 0.99 0.23 0.77 29.50 28.13** 0.30 0.95** -0.19 1.19* 44.18 Line 15 

40.68** 8.10* 1.38 0.18 0.82 28.09 61.42** 1.87 1.29* -0.13 1.13 43.09 Line 16 

35.96** 4.43 1.35 -0.31 1.31 24.28 8.58** -4.71 1.24 -0.05 1.05 44.04 Line 17 

25.77** 3.28 0.63 0.28 0.72 25.46 9.06** 0.03 1.06 -0.01 1.01 42.83 Line 18 

54.18** 14.49** 0.56 0.90 0.10 28.08 15.06** 0.23 1.30 -0.45 1.45** 43.97 Line 19 

31.15** 6.25 0.74 0.56 0.44 28.12 33.60** 2.08 1.43 -0.53 1.53** 45.83 Line 20 

6.60** -0.68 0.86 0.31 0.69* 24.37 48.89** 0.33 1.37** -0.32 1.32** 44.37 Shandweel 1 

29.78** 3.39 0.94 0.38 0.62 28.12 15.80 2.92 0.54 0.29 0.71 45.19 Sids 1 

4.01** -0.81 0.98 0.13 0.87 24.72 7.32** 0.62 1.12 -0.20 1.20 39.32 Sids 12 

3.07** 2.95 0.69 0.09 0.91 24.61 -1.17 -1.05 2.27** -2.75 3.75** 41.88 Giza 168 

19.80** 2.03 0.79 0.72 0.28** 25.18 45.80** 0.29 0.60* 0.15 0.85* 43.20 Misr 2 

     26.25      40.52 Mean 

     1.60      1.14 RLSD 5% 
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Table 6:  Estimates of stability parameters based on eight environments using various models for grain yield in wheat. 

regression coefficient of = F
ibregression coefficient of Perkins and Jinks; =  iβ= regression coefficient of Eberhart and Russell;  E

ibMean = grain mean yield (ardab/feddan);

s model.*, ** Significant at the 0.05 and 0.01 residual MS of Freeman and Perkin=  (F) id2Sdeviation from regression Eberhart and Russell; =  (E)i d2SFreeman and Perkins; 

probability levels, respectively. 

Grain yield (ardeb/feddan) Traits 

Stability parameters Environments 

(F)i d2S (E)i d2S F
ib iβ E

ib Mean 8E 7E 6E 5E 4E 3E 2E 1E Genotypes 

9.37 -0.28 0.90 -0.37 0.63** 10.63 8.40 10.41 8.98 11.27 7.90 8.81 13.78 15.52 Line 1 

7.88 -0.12 0.74 -0.29 0.71 12.42 7.43 9.17 12.28 12.79 12.61 12.66 15.76 16.69 Line 2 

7.41 -0.39 0.93 -0.16 0.84 9.96 7.75 9.67 6.25 8.09 8.08 9.39 14.06 16.35 Line 3 

5.46 -0.46 0.72 -0.31 0.69** 9.42 6.05 6.69 7.75 9.83 8.55 10.05 11.21 15.21 Line 4 

14.74** 1.60 0.44* -0.50 0.50** 7.47 3.69 3.93 5.74 8.65 8.38 9.94 9.12 10.29 Line 5 

7.86 -0.81 0.70* -0.48 0.52* 9.09 7.18 8.49 8.73 9.22 5.93 8.39 11.97 12.80 Line 6 

-0.52 -0.79 0.43* -0.60 0.40** 9.24 5.58 7.83 9.12 9.55 9.15 10.28 10.46 11.97 Line 7 

6.53 -0.67 1.11 -0.10 0.90 10.92 8.37 9.07 8.52 10.96 8.60 8.67 17.45 15.77 Line 8 

11.18 0.51 1.12 0.08 1.08 13.21 9.30 10.62 9.86 11.29 13.66 11.48 21.91 17.54 Line 9 

12.40* 0.21 1.28 0.07 1.07 11.93 10.41 9.56 8.37 11.05 8.31 10.14 18.43 19.13 Line 10 

1.14 -2.11 0.89 0.51 1.51** 15.46 9.78 11.63 11.40 13.73 13.69 15.22 24.16 24.73 Line 11 

12.85 0.47 0.80 -0.30 0.70** 10.44 7.82 8.70 9.74 8.07 10.61 8.96 17.09 12.49 Line 12 

7.31** 0.11 1.54 0.41 1.41** 12.91 9.83 9.47 10.37 10.81 9.10 10.00 21.90 21.81 Line 13 

9.73** 0.22 1.89 0.44 1.44** 15.00 10.17 9.47 12.51 10.37 14.59 15.99 24.01 22.90 Line 14 

9.27** -0.18 1.96 0.61 1.61** 13.04 7.65 7.29 8.75 9.05 14.09 12.50 22.22 22.75 Line 15 

17.46 1.70 1.00 -0.17 0.87 10.26 8.86 9.86 8.20 8.37 7.00 8.44 13.29 18.09 Line 16 

5.77** -0.69 1.63 0.45 1.45** 11.82 7.92 9.02 8.16 9.68 8.47 9.48 21.15 20.63 Line 17 

-3.94 -1.35 0.42 -0.64 0.36** 9.15 6.40 7.80 9.81 9.73 8.31 8.92 10.73 11.51 Line 18 

0.25 -0.28 0.43** -0.58 0.42** 8.77 5.90 5.91 7.53 9.05 10.66 9.51 10.74 10.87 Line 19 

1.66 -2.09 1.74 0.48 1.48 15.58 10.11 10.53 12.86 12.98 14.54 14.64 23.96 24.58 Line 20 

3.75 -1.57 1.25 0.48 1.48 14.87 9.91 10.38 11.58 11.01 14.30 14.35 23.77 23.68 Shandweel 1 

1.67 -2.13 1.10 0.02 1.02 13.19 9.53 9.78 11.32 11.34 11.80 13.29 19.37 19.11 Sids 1 

2.15** -1.75 1.22 0.45 1.45** 13.95 9.64 10.01 10.66 10.55 12.50 12.82 21.70 23.76 Sids 12 

2.63** -15.44* 0.96 0.91 1.91** 13.49 9.20 9.24 10.33 10.24 13.23 13.18 19.75 20.95 Giza 168 

2.97 -1.82 1.03 -0.04 0.96 11.91 8.35 8.03 9.89 10.14 11.80 12.21 17.22 17.64 Misr 2 

     11.77 8.21 8.90 9.55 10.31 10.63 11.17 17.41 17.87 mean 

     4.01 2.48 2.49 3.44 4.40 2.57 3.12 3.55 3.94 RLSD 5% 
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and ) Freemanand bi Eberhart(biGraphical illustration of the stability parameters Figure 3: 

the mean performance of individual genotypes for 1000 kernel weight. 

 
 

and ) Freemanand bi Eberhart(biGraphical illustration of the stability parameters 4.  ureFig

the mean performance of individual genotypes for chlorophyll concentration. 
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and ) Freemanand bi Eberhart(biGraphical illustration of the stability parameters  :Figure 5

the mean performance of individual genotypes for specific leaf area. 

 

 

 
Figure 6: Graphical illustration of the stability parameters (biEberhart and biFreeman) and 

the mean performance of individual genotypes for canopy temperature. 
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Fig. 7), four genotypes namely Line 9, 

Line 10, Sids 1 and Misr 2 were stable 

over all the environments, whereas had 

grain yield above-grand mean, bi
E equal 

or near to one, Bi equal or near to zero 

and S2di
Enon-significant. Four 

genotypes namely Line 9, Line 11, Sids 

1 and Misr 2 showed also stable 

performance for grain yield across the 

environments, according to Freeman 

and Perkins’ model (above grand mean, 

biF equal or near to unity and S2diF non-

significant). Moreover, two genotypes 

namely Line 20 and Shandweel 1 

showed stability under favorable 

environment due to considering high 

mean performance with biE and biF> 1, 

Bi> 0 and S2diE and S2diF non-

significant. While the genotype Line 2 

exhibited stable performance under 

unfavorable environment (above grand 

mean, bi
E and bi

F< 1, Bi < 0 and S2di
E 

and S2di
F non-significant). Two 

genotypes (Lines 8 and 16) showed also 

stable performance over environments 

whereas, bi
E and bi

F near to 1, Binear to 

0 and S2di
E and S2di

F non-significant but 

with mean lowerthan the grand mean, 

according to three models. Pabale and 

Pandya (2010)indicated that the 

genotypes GHB-788, GHB-832 and 

GHB-840 were observed as most stable 

and widely adapted over environments 

in the models of Eberhart and Russell 

(1966), Perkins and Jinks (1968) and 

Freeman and Perkins (1971). Changizi 

et al. (2014) revealed that the selection 

of stable genotypes, based on these 

previous methods, caused high yield 

genotypes to be introduced as stable 

genotypes. These results are in 

agreement with those reported by Saha, 

(1999), Shinde et al. (2002), Chikurte et 

al. (2003), Yahaya et al. (2006), Islam 

et al., (2006) Mohammadi et al. (2012) 

and Karimzadeh et al. (2012). 

10- Correlation:  

The correlation (Table 6) indicated that 

the stability parameters, bi
E and βi were 

similar (r = 1.000**) suggesting that 

both the methods (Eberhart& Russell 

and Perkins &Jinks) were identical. The 

ranking pattern for bi
F values suggesting 

that Freeman and Perkins method was 

positive and highly significant with the 

previous two models (r = 0.699**, Table 

7). It can be seen from the Table 6, that 

bi
E  (r =0.855**), βi (r =0.855**) and bi

F 

(r =0.559**) were positive and highly 

significantly associated with mean 

grain yield, while non-significant 

association of grain yield was observed 

with S2di
E (r = -0.299) and S2di

F (r = -

0.175). It was also observed that S2di
E  

was negative significantly associated 

with biE (r =-0.485**) and βi (r =-

0.485**) but non-significant with bi
F (r 

=0.0.049), while S2di
F was non-

significant with biE, βi and bi
F. Pabale 

and Pandya (2010) showed that the 

ranking patterns for bi
E and Bi were 

similar (r = 1.000) suggesting that both 

the methods (ER and PJ) were identical. 

The ranking pattern of genotypes using 

bi
F values was also very close to the 

ranking pattern done under previous 

two models (r = 0.9655). 

Conclusion 

Our result emphasize that both mean 

performance of a genotype and its 

stability parameters should be taken 

together into consideration to identify 
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Table 7: Correlation coefficients among various stability parameters for grain 

                yield. 

Parameters bi
E S2di

E βi bi
F S2di

F 

Yield 0.855**  -0.299 0.855** 0.559** -0.175 

bi
E - -0.485**  1.000** 0.699** -0.055 

S2di
E - - -0.485**   0.049    0.413* 

βi - - - 0.699** -0.056 

bi
F - - - -  0.277 

*, ** Significant at the 0.05 and 0.01 probability levels, respectively. 

 

 
Figure 7: Graphical illustration of the stability parameters (biEberhart and biFreeman) and 

the mean performance of individual genotypes for grain yield.   
 

new genotype to be used in various 

environments. Whereas, according to 

three models viz., Eberhart and 

Russell's, Perkins and Jinks' and 

Freeman and Perkins', Line 9 (13.21 

ardab/feddan) beside Sids 1 (13.19 

ardab/feddan) and Misr 2(11.91 

ardab/feddan) cultivars were observed 

as most stable and widely adapted over 

environments, surprised mean 

performance for grain yield than 

population mean, bi
E and bi

F equal or 

near to one, Bi equal or near to zero and 

S2di
E and S2di

Fnon-significant. 

Moreover, Line 9 showed also stability 

for number of spikes/plant, 1000 kernel 

weight and chlorophyll concentration 

under different environments, 

according to three models. So, it was 

considered to be superior for grain yield 

across various environments. 

Meanwhile, the highest yielding 

genotype (Line 20) only was suitable 

for favorable environments. 
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